The existence of an immunological homunculus has been proposed, but evidence for location-specific response of the central nervous system to immunological stimulation is lacking. In this study, we show that inflammation induced by injection of casein into one of the causes c-fos expression in the paraventricular nucleus of the hypothalamus (PVN) in an asymmetrical manner: much stronger activation is always induced in the contralateral PVN. Unilateral sciatic nerve transection abolished the casein-induced PVN activation if casein was injected into the hindlimb with the nerve transection, but had no effect if casein was injected into the hindlimb with intact nerve innervation. Injection of casein into one the forelimbs also caused contralateral PNV activation. Further, stronger PVN activation was found in the anterior PVN after the forelimb injection, but in the posterior PVN after the hindlimb injection. Casein-induced PVN activation is absent in IL-1R1 KO, IL-6 KO, TNFa KO, and in C3H/HeJ (TLR4 mutant) animals. In comparison, injection of LPS, a systemic inflammagen, into one hindlimb induced bilateral PVN activation but injection of live Escherichia coli into one hindlimb induced contralateral PVN activation. These results support the notion that local inflammation may activate the PVN by neural routes in a location-specific manner.
Introduction
Both humoral and neural routes have been found to relay peripheral immune signals to the central nervous system (CNS) (Quan and Banks, 2007) . By humoral routes, inflammatory cytokines relay signals of peripheral inflammation via circulation. The circulating cytokines activate the CNS either indirectly through brain endothelium or directly on neurons in the brain parenchyma after they navigated the blood-brain barrier (BBB) or on neurons in the circumventricular organs where the BBB is leaky. By neural routes, inflammation activates vagal (Goehler et al., 1995) or primary sensory nerves to relay immune signals to the brain. Only the neural routes can transmit the information regarding the location of a given immune response to the brain because local inflammation may be hardwired to the CNS. This possibility has prompted Kevin Tracey to speculate that there exists an immunological homunculus in the brain (Oke and Tracey, 2008) , although experimental support for this is lacking.
We showed in a previous study that local administration of casein induces localized inflammation that activates CNS without inducing blood and brain cytokines and without inducing brain cyclooxygenase-2 (COX-2) (Zhang et al., 2008) . Therefore, caseininduced localized inflammation may activate CNS primarily by nerve pathways that project to the CNS from the site of inflammation. In this study, we investigated the neural pathway by which local inflammation might stimulate the CNS using the casein model, with a special emphasis on whether CNS activation patterns reflect the location of peripheral inflammation.
Materials and methods

Animals
Male normal FVB mice, C3H/HeJ (a TLR4 mutant), IL-1R1 KO, TNFa KO, and IL-6 KO mice were purchased from the Jackson Laboratory. They were group housed (3/cage) and fed with food and water ad libitum in a light (0600-1800 h) and temperature-controlled environment (20-22°C). The animals weighed 20-25 g when they were used in an experiment. All the procedures were approved by the Ohio State University Animal care and Use committee.
Reagents
Casein at 5% was prepared by dissolving 5 g casein powder (ICN Biomedicals, Aurora, OH) into 80 ml of 50 mM sodium bicarbonate and water was added to make a final volume of 100 ml. The mixture 0889-1591/$ -see front matter Ó 2010 Elsevier Inc. All rights reserved. doi:10.1016/j.bbi.2010.05.007
